1. -Introduction.
Recent CVD technologies enable to produce films of various compositions, thickness and optical properties. Moreover one can alternate these characteristics just during deposition to obtain multi-layer systems. Ellipsometry is a traditional technique for such systems analysis, and if in s i t u surface control is impossible, for example because of high deposition rate, the best way is to study deposits using spectroellipsometry [I.].
We report here the method for thickness and optical constants determination in the case of transparent and weakly absorbing films on transparent substrate. The method is based on the azimuth of polarization measurement, so it is good not only for automatical spectroellipsometers, but for manual ones, equipped with high aperture monochromators.
2. -Theory.
The general ellipsometric equation, describing the reflection of polarized light from a film with thickness d and complex refractive index n =n -ik on a transparent substrate, is [ 2 ] and then its thickness from eq(3). The measureqents should be made in rather wide range, because it needs at least two Y*values to determine j. The accuracy of n r and d calculations depends on the accuracy of X and cp measurement and for most cases is better than 2-3%. In the case of absorbing film is complex, the alternations of Y become weaker and decrease with wave frequency, X i values differ from those of transparent film. But if nrkr< 0.1, the difference is negligibly small, and k f can be calculated from The accuracy of k r determination is better than 4-58 even for kf=O.l.
O b v i o u s l y , t h e a p p r o a c h e n a b l e s d i r e c t c a l c u l a t i o n o f t h e f i l m c h a r a ct e r i s t i c s , b u t it s h o u l d b e c o r r e c t e d i f a d i s p e r s i o n t . a k e s p l a c e .
Let u s a s s u m e t h a t t h e r e f r a c t i v e i n d e x o f a f i l m i s n f a t X. , a n d i t 3 i s ( n f + A n f ) a t X j + ?
I f An / n f < O . 1 , t h e s h i f t o f t h e e x t r e m u m p o i n t . T h u s , i f t h e r e i s n d i s p e r s i o n , i t i s b e t t e r t o o p e r a t e i n t h e n a r f row r a n g e o f h. W i t h t h i s i n m i n d t h e m e a s u r e m e n t n e a r t o t h e B r e w s t e r a n g l e seems t.o b e m o r e p r e f e r a b l e , f o r i n t h i s c a s e w e c a n c a l c u l a t e n f a n d d f r o m t h e e q u a t i o n
F o r t w o n e i g h b o r i n g r o o t s o f t h e e q ( l 0 ) i t h o l d s a n d t h e d i s p e r s i o n c a n Be n e g l e c t e d , b e c a u s e t h e p o i n t s X
1 J i + I a r e s i t u a t e d much c l o s e r t h a n t h e p o i n t s X . , X , f r o m eq(4). T h e a c c u r a c y 
I f o n e d e a l s w i t h a n a b s o r b i n g s u b s t r a t e , f o r exampl,e S i , GaAs, o t h e r s e m i c o n d u c t o r s , c o m p u t e r s e a r c h s h o u l d b e p e r f o r m e d i n o r d e r t o d e t e rm i n e f i l m p a r a m e t e r s ( e s p e c i a l l y k ) . W e c ) p e r a t , e d i n a c : c o r d a n c e w i t h f t h e f o l l o w i n g s c h e m e . F i r s t l,A v a l u e s w e r e m e a s u r e d a t t w o tl:
il'-Verent. a n g l e s o f i n c i d e n c e a n d at: a f i x e d w a v e l e n g t h a n d t h e s o l u t i o n o f e q -1 ( n f , k f , d ) was f o u n d a t t h i s w a v e l e n g t , h by 1.he c o m p u t . e r s e a r c h i n g ( n s v a l u e s were t a k e n f r o m 181). Then we v a r i e d n r a n d k f ( d was f i x e d ) t o f i t t h e e x p e r i m e n t a l x(X) c u r v e . x -s p e c t r u m i s v e r y s e n s i t . i v e t o t h e f i l m p a r a m e t e r s , t . h e p r e s e n c e o f i n t e r m e d i a t e l a y e r s a n d f i l n i o p t i c a l c o n s t a n t s p r o f i l e ( F i g . 2 ) a n d we u s e d i t i n c o m p u t e r s i m u l a t i o n s i ns t e a d o f t r a d i t i o n a l o r A s p e c t r a .
3.
-E x p e r i m e n t a l p r o c e d u r e .
The m s a s u r w m e n t .~ h a v e b e e n c a r r i e d out. u s i n g G a e r . t . n e r bll9XUV m a n u a l e l l i p s o m e t e r w:it.h B a n s c h 4.-Results and discussion.
The Zr02 films parameters at A=590-620nm were calculated using azimuth 0 of polarization spect,ra at (pl=450 and p2=70 , they are: nf = 1.96-i0.02, d =513nm; the nf dispersion in the range h = 430-477nm was Sn/SX= 5 10-~nrn. The X-spectra of the Zr02 film, measured at near to the Brewster an&--les are presented in the Fig.1 , the film parameters calculated from eq(l1) are: nf= 1.9-iO.O1, d=571nm. The film porosity (1-q) was estimated from the Lorenz-Lorentz equation [6] where nb= 2.17 is the bulk value of ZrOz refractive index [7] . For the fi.lms investigated t.he porosity was "16%. Optical parameters of diamond-like films were calculated using P ( X ) , A(X) curves and ~( h ) as well, the calculations yield nf=2.255-iO.OO for films 33.6nm thick. X-spectrum of a-R/C film (R/C=4) on silicon is shown in Fig. 3 . together wit.h theoretical curve built using the computer calculated film parameters and silicon optical constants from [8] . The calculations showed the increasing film absorption in the short wavelength range of spectra. Although the films with high B/C ratio exhibited higher absorption (Fig. 4) . All a-R/C films had refractive indices lying between those of diamond n=2.25 and graphite nz1.8. The higher B/C ratio in the film was, the closer was its refractive index to that of diamond. This fact is ina good agreement with data on the films struc;ture and the type of chemical bonds in it [9] . When studying a--B/C P'llms produced under 50OV bias an intermediate aSi:H layer was detected and its thickness was in the range from 5 to lOnm for different samples.
5.-Conclusion.
The ellipsometric method for quick estimation of the film parameters in the case of weakly absorbing 80 -600 nm films on nonabsorbing and weakly absorbing substrates is presented. It provides CVD films analysis including the determination of their thickness, optical constants and microporosity.
